methemoglobin containing one mole of hydrogen cyanide per iron equivalent of the pigment was prepared by von Zeynek (1901) who showed that the cyanmethemoglobin of Kobert (1891) is a methemoglobin derivative. Balthazard and Philippe (1926) report an evanescent spectroscopic picture, seen during the course of a reduction of cyanmethemoglobin, which they ascribe to the intermediary formation of a compound of reduced hemoglobin with cyanide. They assign to cyanmethemoglobin the formula Hb0(CN)~.
The electrometric study of hemoglobin initiated by Conant (1923) has opened another pathway for investigations of the reactions of certain blood pigments. From his studies, Conant deduced that methemoglobin differed from reduced hemoglobin only in that the iron of the former is in the delectronated or ferric form. The iron of reduced hemoglobin is in the electronated or ferrous form. The iron in oxyhemoglobin and in carbon monoxide hemoglobin did not participate as an oxidant or reductant in this oxidation-reduction system.
As shown by Conant (1.923) and Conant and Fieser (1924) , methemoglobin and hemoglobin form a reversible oxidation-reduction system, the former being the oxidant and the latter the reductant. The oxidation-reduction potential of this system is well defined potentiometrically, varying logarithmically with the relative concentrations of methemoglobin to hemoglobin. The oxidation of the latter to the former, or removal of hemoglobin from the system in any way, as for example by its oxygenation or carbonylation, will raise the observed potential. The removal from the system of methemoglobin will lower the observed potential correspondingly.
Since we might expect the electrical behavior of either of these pigments when uncombined to differ from that exhibited as a cyanide derivative, the electrometric method was deemed suitable for the demonstration of combination between cyanion and the pyrrol-iron of either methemoglobin or hemoglobin.
Preparation of Hemoglobin
400 cc. of oxalated or defibrinated dog's blood was used. Illuminating gas was passed through the chilled sample for 15 minutes; 200 cc. was poured into each of two 250 cc. centrifuge bottles and after centrifuging without packing the corpuscles the serum was removed by means of a suction pipette. The corpuscles were washed five times with CO2-saturated, ice-cold 0.17 molar sodium chloride solution, filling the tubes each time to the original level. For the first four washings, the centrifugation was carded only to the point where the corpuscles occupied about one-half of the total volume. The last centrifugation was carded on until the corpuscles were packed and the supernatant fluid could be removed by decantation. The tubes were then inverted to drain for 10 minutes, after which they were filled to the original 200 cc. level with ice-cold, CO2-saturated, distilled water and toluene added (as in the method of Heidelberger (1922) ) to within such a distance of the top that, when a tight-fitting cork was inserted there was a large air bubble left to facilitate subsequent shaking. The packed mass of corpuscles was disintegrated throughout the fluid with a glass rod; the tubes were then stoppered and vigorously shaken for 5 minutes. Early in the shaking process a gel formed, but shaking was continued until the toluene was comminuted in the mass.
The tubes were left in the refrigerator for 12 hours, then transferred to the freezing room until the contents were frozen solid. They were then centrifuged, during which time the contents were allowed to thaw. Four layers were o b t a i n e d : -toluene, toluene gel, saturated carbon monoxide hemoglobin solution, and crystals of carbon monoxide hemoglobin.
The toluene, toluene stroma combination, and saturated carbon monoxide hemoglobin solution were removed by a pipette with suction. The rim left by the toluenized stroma was thoroughly removed from the sides of the container by a plug of absorbent cotton on a wire.
The crystals were covered with CO~-saturated ice water, toluene was added as before, the tubes stoppered, shaken, and immediately centrifuged. As a rule the toluene returned clear with little or no stroma material. The supernatant fluid was decanted and ice water was added, the tubes shaken, and placed in the refrigerator. The crystals settled to the bottom and the supernatant solution was barely tinged with hemoglobin.
For preparing the solutions, some of the crystals were transferred along with 50 cc. of distilled water to a tall aeration cylinder of about 500 cc. capacity fitted with a two-hole rubber stopper carrying a three-way stop-cock and a small separatory funnel. Suction was instituted through the three-way stop-cock, with periodic whirling of the cylinder to suspend the crystals. After ebullition by the dissolved and combined carbon monoxide had slackened, nitrogen (or hydrogen if electrometric pH was to be determined) was admitted through the stop-cock, the cylinder was shaken, and suction reinstituted. 3 hours of evacuation was found sufficient to completely reduce carbon monoxide hemoglobin, but the suction was left on for 3 hours longer until considerable diminution in the original volume of the solution had taken place. (Solid reduced hemoglobin has been prepared by suction evaporation of all the water present, and this solid when redissolved retains its power to combine reversibly with molecular oxygen as shown in Table I ).
The reduced hemoglobin solutions prepared by this method were found to be isoelectric (Table II) and to have an activity approximating 100 per cent (Table  III) . :~ This solution was prepared from crystals kept 49 days after preparation.
Experimental
The effect of cyanide on the potentials of poised solutions of hemoglobin and methemoglobin was noted. Hydrogen cyanide was passed through solutions containing hemoglobin and methemoglobin (the latter formed directly in the solu-tion by the addition of potassium ferricyanide) in an electrometric titration vessel (Hastings, 1921) . In some experiments potassium cyanide was added to the solutions in place of hydrocyanic acid. Readings were made after constant potential had been reached, the chain in each case being:
The solutions were at all times kept under nitrogen, and in those instances where titrations were performed the reagents employed were evacuated and saturated with this gas previous to use. Both solutions were buffered at pH 6.2 with 0.067 molar phosphate. The gases were passed through the solution in the order given.
Results
The effects of passing hydrogen cyanide through solutions containing hemoglobin and methemoglobin on the electrode potentials developed by these solutions are shown in Table IV . Table V gives the results of measurement of the eo value for monkey and dog hemoglobin as well as the effect of potassium cyanide on the potentials developed. In Fig. 1 is represented a titration of pig hemoglobin with ferricyanide in the presence and absence of cyanide. Similar results have been obtained with beef and with human hemoglobin (Barnard, 1933) . Table VI gives the data on a control experiment in which the relative absence of effect of cyanide on the potentials of the ferricyanideferrocyanide system was demonstrated.
tIEMOGLOBIN-METHEMOGLOBIN SYSTEM
The addition of hydrogen or potassium cyanide to the methemoglobin-hemoglobin system caused a shift in the potentials evinced by this system to the negative side, indicating that the oxidant is removed (87.5 mM NaOH added)
All concentrations expressed in millimols per liter and all potentials are in volts on the saturated KCl-calomel scale.
from participation in the system. When carbon monoxide was passed through the solutions of methemoglobin and hemoglobin which had been subjected to the action of cyanide, the potentials became HEM0 GLO BIN-METttEMO GLO BIN SYSTEM dium cyanide did not prevent the formation or dissociation of carbon monoxide hemoglobin was demonstrated spectroscopically and by measurement of the carbon monoxide capacity of hemoglobin solutions containing cyanide (Table VII) . It is apparent from these results that the effects of cyanide on the potentials of the methemoglobinhemoglobin system can best be attributed to its combination with methemoglobin, and that if cyanide does combine with hemoglobin, it is not with that portion of the molecule which gives the latter its spectroscopic picture, its capability of combination with gases, and its reductant activity. In those instances where cyanmethemo- globin results from the treatment of oxyhemoglobin solutions with cyanide, as after long standing or after oxyhemoglobin has been heated with cyanide, it is probable that methemoglobin is formed as an intermediary in the conversion represented by the equations:
That the formula of cyanmethemoglobin in solution corresponds to the crystalline compound prepared by yon Zeynek (1901) and that there is a ratio of one equivalent of cyanide to one iron equivalent of methemoglobin is deducible from the following experiment: 10 cc. of a solution containing 13.2 millimolar pig methemoglobin and 2.04 millimolar pig hemoglobin was titrated electrometrically with 77 millimolar potassium cyanide solution. The results of this titration are represented in Fig. 2 . The potentials recorded in that vicinity of the curve where the ratio of cyanide to methemoglobin iron was unity were unstable, but above and below this point they were suM- Fro. 2. The effect of cyanide on the oxidation-reduction potential of the pig methemoglobin-hemoglobin system. Ordinates give el in volts on the saturated calomel scale. Abscissae represent the ratio of the molarity of cyanide to that of methemoglobin. ciently constant to allow for an interpolation to the point where an inflection occurs in the curve. This inflection is presumably the endpoint of reaction (2), and the fact that it takes place before two equivalents of cyanide are added indicates that there are not two equivalents of cyanide in cyanmethemoglobin as deduced by Baithazard and Philippe (1926) .
That compound formation betv~een cyanide and the iron of the pros-thetic nucleus of hemoglobin would be improbable is in harmony with the nature of the electronic formula previously assigned to this compound, (Barnard, 1932a) which from its depicted structure, would have no free valency electron with which to form ionic combinations. ~ By delectronation of the hemoglobin iron, however, an electropositive radicle, methemoglobin, results. It is probable that this radicle. 
The Effect of pH on the Oxidation-Reduction Potential of the Methemoglobin-Hemoglobin System
In order to control the experiments in which the effect of alkali cyanide was studied, the effect of alkali hydroxide on the electrical behavior of the methemoglobin-hemoglobin system has been determined. Conant and Fieser (1924) found that the eo value for this system became more negative with increasing pH. The opinion advanced by them that methemoglobin is a weaker acid than hemoglobin, is not consistent with the data presented by Hastings (1928) which show that between pH 7.0 and 7.8 no difference in the base-combining powers of the two pigments is detectable.
Experimental
Isoelectric carbon monoxide hemoglobin was brought into solution as reduced hemoglobin by the removal of carbon monoxide by evacuation. The concentration of the reduced pigment was determined from its carbon monoxide capacity by the method of Van Slyke and Neill (1924) . The solution was transferred to the electrometric titration vessel under nitrogen and the desired quantity of methe-1 The iron is represented with only six electrons to convey the idea of its ferrous state, although it is probable that a shared electron from each of the pyrrols would bring the outer shell to eight. moglobin formed in it by the addition of an equivalent of potassium ferricyanide. Sodium hydroxide solution, which had been evacuated and saturated with nitrogen was added to the solution in the titration vessel from a micro buret, and after each increment the potential was recorded with the same chain as described above. The pH of the solutions was calculated from data relating it to the base bound by reduced dog hemoglobin at different ionic strength (unpublished data). An identity in the base-combining powers of dog methemoglobin and dog hemoglobin has been assumed.
HEMOGLOBIN-ME TttEMOGLOBIN SYSTEM
Results
As found by Conant and Fieser (1924) , the potentials of the system became more electronegative as the alkalinity increased. Experiment 5 (Table VIII) (Table VIII) an excess of methemoglobin existed and the value obtained between p H 6.81 and 9.24 was 0.069.
An attempt to recalculate the values of ~ for this system from the work of Conant and Fieser by taking into account the buffer values of hemoglobin in correcting their p H values has led to results in good agreement with those found in this study. Peculiarly enough, in the titration of the rather concentrated pig hemoglobin solution (15 millimolar) (Experiment 3) the value of n for the methemoglobin-hemoglobin system was 4 and not as in all other experiments in the neighborhood of 1 or at the most 2. That the calculated value in this pig hemoglobin titration is not due to an inaccuracy of the data we can assume from a consideration of Fig. 3 , where the n value of the ferricyanide-ferrocyanide system in this same experiment is 1 and compares excellently with the slope calculated from other data utilizing this system (Barnard, 1931) . We do not, at this time, consider the value of n in this particular oxidation-reduction titration as fortifying Adair's (1925) hypothesis as to the oxygenation of hemoglobin any more than in 1928, when we first measured and secured the value of n = 1 in the electrochemical equation was it considered an objection to the theory of Hill (1910) . Conant and McGrew (1929) , from whose paper it is inferred that the electrometric measurements of n in the oxidation-reduction equation Hb) are comparable to those of n in Hill's equation (HbO,)n --K' assigned to n in the former case a value of 2 as determined by Conant and Scott (1928) . Conant and Pappenheimer (1932) have redetermined the value of n in the oxidation-reduction equation and find that it may be in the vicinity of 1. A consideration of Fig. 3 will also show that although the slopes for the ferricyanide-ferrocyanide system in the two differing experiments are comparable, the eo value in the presence of the concentration of methemoglobin extant in Experiment 3 is 125 inv. lower than the characteristic value for this system. This is explained on a basis of the enormous ionic strength effects of hemoglobin solutions, which, as will be shown in a subsequent report, appear to behave in their salt effects as strong polyvalent electrolytes.
Since the addition of alkali causes a change in the oxidation-reduction potential of solutions containing methemoglobin and hemoglobin it is obvious that one or both of these substances is in some way altered by the addition. Is this alteration in the globin fraction? Two facts would indicate that it is not. First, there is a comparable slope for the hematin-reduced hematin system where no globin is present. Second, the identity of base-binding powers of methemoglobin and hemoglobin would point against the existence of any difference in their respective globins. The methemoglobin molecule does, however, change its spectroscopic picture on treatment with alkali, whereas reduced hemoglobin does not change in this respect within the pH range studied. It is therefore tempting to ascribe the direction of the slope to that constituent of the system which gives other evidence of lability. Though it is recognized that other possibilities may exist, the direction and magnitude of the slope can best be explained by the formation on the part of methemoglobin of an electropositive ion, It is evident that the methemoglobin ion might be capable of combination with many electronegative radicles. Sucb a combination between methemoglobin and nitrite is undergoing study at present.
The Interrelationship of the Hemoglobin Derivatives
The electronic formula (A) was suggested for the prosthetic group of methemoglobin and since the prosthetic group of the latter is probably identical with hematin (Kuster, 1910) , the formula (A) will be used for the latter compound as well. (A) is converted by cyanide to a compound (B), the prosthetic group of which may be represented as Preparation 2. The concentrations of cyanhematin and cyanmethemoglobin were not determined but were identical since they were prepared from the same solution of oxyhemoglobin.
Preparation 3. The concentrations of cyanhematin and cyanmethemoglobin were identical but in the case of cyanhematin, the globin was digested with pepsinhydrochloric acid mixture to preclude cyanmethemoglobin resynthesis , although there is probability of combination between the hematin and some of the digestion products of the globin.
There should be some similarity between cyanmethemoglobin and cyanhematin since they would both contain the same prosthetic group. Table IX gives the data obtained in a spectrophotometric study of these compounds. The percentage transmission at given wave lengths is similar for both substances. This confirms the spectroscopic findings of Ziemke and Miller (1901) .
That the prosthetic nucleus of cyanhematin is a ferric cyanide is inferred from the following observations:
(a) Passing CO2 through cyanhematin solutions precipitates hematin.
(b) Treatment of cyanhematin solutions with barium hydroxide precipitates a powder which retains the orange color of the original solution. Since the barium linkage is undoubtedly on the carboxyls of the pyrrol groups, the point of cyanide attachment is probably on the iron. In the case of cyanmethemoglobin, it was found that the latter was not precipitated from solution by barium hydroxide and this is readily explicable on the basis of the fact that the pyrrol carboxyls are already occupied by globin.
It is assumed that, in basic solution, (A) forms alkaline derivatives. In the case of methemoglobin it was assumed that this derivative was a ferric hydroxide. Certain points of similarity in alkaline methemoglobin and alkaline hematin furnish evidence for the applicability of the same formula to the latter substance as well. Among these points may be mentioned the indicator nature of both pigTnents and the co- Since hematin and methemoglobin may be electronated to form reduced hematin and hemoglobin respectively, the electronated form of (A) will be represented as (D) . From an analysis of the structure of the nucleus we could predict its electronegativity, and the formation by it of polar valent compounds with electropositive radicles. This behavior is realized in the hemochromogens, which combine with carbon monoxide and nitric oxide and in hemoglobin which combines with molecular oxygen as well. Such compounds as (D) with oxygen-containing radicles have been presented (Barnard, 1932a) Configurations such as the above cannot be drawn for the problematic compounds ethylene hemoglobin and nitrous oxide hemoglobin, and evidence against the existence of these compounds was secured in a previous investigation (Barnard and Hastings, 1930 ).
SUMMARY
The potentiometric method was applied to the study of the influence of cyanide and of hydroxyl ion on methemoglobin. Both of these ions appear to combine with the iron of the methemoglobin molecule and reduce its oxidant activity. From the magnitude of the effect produced by cyanide and by variation in pH on the oxidation-reduction potential of the methemoglobin-hemoglobin system, it is concluded that cyanmethemoglobin and alkaline methemoglobin are undissociated ferric compounds, the first with cyanide and the second with hydroxyl.
Electronic formulas, based on the electrical properties of the hemoglobin derivatives, are suggested.
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